OBJECTIVE: To find out the severity of coronary atherosclerosis and its relationship to body structure and adiposity in severely obese people with body mass index (BMI) ! 35.0 kg=m 2 and to examine the incidence and characteristic features of myocardial infarction and other fatal coronary events in this population. DESIGN: Autopsy reports were analyzed, including data on age, height, weight, abdominal subcutaneous fat thickness, heart weight, coronary atherosclerosis, histopathology and toxicology. Myocardial collagen and arteriolar structure were examined by computerized image analysis. SUBJECTS: Forensic autopsy cases (n ¼ 166) with a BMI ! 35.0 kg=m 2 examined in 1992 -1998 were collected from the files of the Department of Forensic Medicine, University of Oulu, Finland.
Introduction
Cardiovascular mortality is increased in severely obese individuals, but no increase in severe coronary atherosclerosis has been reported among these people. 1 There are, however, relatively few autopsy-based investigations on the degree of coronary atherosclerosis in very obese individuals. Duflou et al, 2 investigating the mechanisms of sudden cardiac death in 28 autopsy cases with morbid obesity (body mass index (BMI) > 39.0 kg=m 2 ), found dilated cardiomyopathy to be the most frequent mechanism followed by severe coronary atherosclerosis, which was found in 27% of the cases. They also listed the findings of earlier autopsy studies on sudden death and morbid obesity: increased heart weight but no increase when related to body weight; excessive epicardial and myocardial fat; and myocardial hypertrophy, but no increase in the incidence of significant coronary atherosclerosis. Warnes and Roberts 3 found only two cases with coronary narrowings of over 75% in their autopsy series of 12 individuals weighing over 136 kg.
Severely obese indiviuals frequently suffer from congestive heart failure. 4 Increased cardiac output leads to ventricular dilatation and eccentric hypertrophy of the left ventricle, which produces diastolic dysfunction. 5 Left ventricular hypertrophy is also a known risk factor for ventricular arrhythmias. 6 Obesity has been considered a major risk factor for coronary heart disease in large prospective studies, 7, 8 and a fat distribution pattern of the abdominal type is considered most important in this context. 9 Tuomilehto et al 10 reported that a BMI of around 29.0 -31.0 or more is a predictor of acute myocardial infarction in men, while Jousilahti et al 11 concluded that obesity is an independent risk factor for coronary heart disease mortality in men. In this latter follow-up study, coronary heart disease mortality was highest in individuals with a BMI > 32.5 kg=m 2 . The mortality data used in these large series had been obtained from death certificates, and no autopsy-based data were specifically mentioned.
A previous autopsy-based study showed that in women younger than 50 y more advanced coronary atherosclerosis was not found at the highest level of BMI, but in a range between 24.2 -27.2 kg=m 2 . 12 On the other hand, coronary atherosclerosis was related to the thickness of the abdominal subcutaneous fat when adjusted for age and BMI. Severely or morbidly obese individuals were, however, under-represented in this material.
The following retrospective study was designed to find out the actual degree of coronary atherosclerosis determined at autopsy and its relationship to body structure and adiposity in severely obese people with a BMI ! 35.0 kg=m 2 , and also to examine the incidence and characteristic features of acute myocardial infarction and other fatal acute coronary events in this population. A BMI of 35.0 was chosen as the criterion because above this level BMI is associated with approximately a two-fold increase in total mortality and a severalfold increase in mortality due to cardiovascular disease. 13 
Material and methods

Subjects
All cases with a BMI ! 35.0 kg=m 2 which had been autopsied during the years 1992 -1998 were collected from the archives of the Department of Forensic Medicine at the University of Oulu, Finland. The autopsy reports, death certificates, results of microscopic and toxicological examinations, attached police reports and copies of medical records were examined in all the cases as described earlier. 12 The following data were extracted: body height and weight; heart weight; thickness of the abdominal subcutaneous fat; description of the coronary arteries; blood and urinary alcohol concentration; drug concentrations; causes of death; mode of death; illnesses and medications; smoking and drinking habits; and other life-style factors when these were included in the reports.
Measures of obesity BMI was calculated as body weight=height 2 (kg=m 2 ). Height had been measured in cm in a supine position on the autopsy table. The thickness of the abdominal subcutaneous fat had been measured at the umbilical level by using a 500 mm long ruler and the results were expressed in mm.
Coronary arteries
The degree of coronary atherosclerosis was assessed separately in the left main coronary artery (LM), left anterior descending artery (LAD), left circumflex artery (CX) and right coronary artery (RCA), using the percentage of luminal narrowing caused by the most severe lesion in each artery. A numerical value was given for each vessel according to the principles presented in previous studies, 14, 15 but modified to the following scale, as the narrowing percentages were often expressed as under=over 50%: 0 ¼ normal coronary artery, no lesions; 1 ¼ plaques causing luminal narrowing of under 50%; 2 ¼ plaques causing luminal narrowing of 50%; 3 ¼ plaques causing luminal narrowing of over 50%; 4 ¼ plaques causing total occlusion of the lumen. The total narrowing score for each individual was obtained from the sum of the scores for the four arteries (maximum ¼ 16).
Percentages of the extent of the lesions could not be presented, because the coronary intimal area covered by the lesions was not described well enough in the majority of the autopsy records. As previously reported, 12 another scale was also used, in which a numerical value was given to each vessel according to the type of the most severe lesion found: 1 ¼ fatty streaks or dots; 2 ¼ fibrous plaques; 3 ¼ calcified lesions. If a thrombus had been detected, an additional point was given for each lesion type (eg calcified lesion with thrombus: 3 þ 1 ¼ 4, maximum score ¼ 16). The sum of the two scales, degree of narrowing, and lesion type, was calculated for each artery, so that the maximum sum score for the whole coronary tree was 16 þ 16 ¼ 32. The reliability of this method has been tested previously. 12 
Heart weight
The hearts had been removed as described earlier, 14 washed and then weighed. The heart weights were indexed to body weight (percentage of body weight) and to height 2.7 as described earlier. 12, 16 Microscopic examination of the myocardium and computerized image analysis Paraffin-embedded heart samples were selected only from those cases in which at least one transversely cut slice through the total thickness of the interventricular septum had been taken (42 men, 25 women). The samples were sectioned at 5 mm and stained with Sirius red, which is a specific collagen stain. 17 The total collagen volume fraction was determined by computerized image analysis as described previously. 18, 19 Another series of 5 mm sections was stained by the Verhoeff -Masson trichrome method, where smooth muscle is stained red, collagen green and the lamina elastica black. 20 Myocardial arterioles containing the lamina elastica
International Journal of Obesity Myocardial infarction, coronary pathology and obesity M-L Kortelainen were identified, and the morphometrical analysis was performed on transversely cut arteriolar profiles as described previously. 21, 22 The area of the arteriolar media, the lumen area and the periateriolar collagen area were determined according to the principles presented by Schwartkopff et al. 21 The outer arteriolar diameter was calculated from the total vascular area excluding the adventitia, 21 and the media=lumen ratio by dividing the media area by the lumen area. The media=lumen ratio and perivascular collagen area were determined separately for arterioles with external diameters < 40 mm, 40 -80 mm, and > 80 mm. 23 An average of 35 vessels per sample were evaluated.
Statistical analysis
The statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) software. Bivariate correlations (Pearson) were calculated between age and other parameters, partial correlations adjusted for age were calculated between BMI and the cardiac parameters, and partial correlations between abdominal subcutaneous fat and the cardiac parameters were calculated when adjusted for age and BMI. Student's t-test was used to compare individuals who had died from myocardial infarction and their age-matched controls with approximately the same height and weight. Mann -Whitney U-test was used to compare the infarction group with all other cases. The analyses were also performed with alcohol consumption and medication included as confounding factors.
Results
Age, body size and cardiac parameters showed a wide distribution ( Table 1) . Most of the deaths were from natural causes, followed by accidents and a few suicides and one homicide ( Table 2) . Cardiac causes of death were the largest group, most of the individuals dying from cardiomyopathies (men 27.9%, women 17.7%), followed by coronary artery disease together with an acute myocardial infarction (men 14.4%, women 12.9%) or coronary heart disease without infarction (men 8.6%, women 8.1%). The cardiomyopathies had been classified as hypertrophic non-obstructive or dilated. The post-mortem diagnosis of cardiomyopathy was based on the macroscopic autopsy findings and on the microscopic examination of the myocardial samples according to the principles presented by Silver and Silver. 24 Only one case had been classified as hypertensive cardiomyopathy and another as alcoholic cardiomyopathy (Table 2) . Thirty three percent of the men and 15% of the women had tested positive for alcohol, most of the concentrations being under 1 g=l. Drugs were present in 17% of the men and 24% of the women, mostly tranquillizers or other psychotropic drugs. Habitual alcohol consumption and smoking habits were not well characterized, but 22 individuals were indicated as having been alcohol consumers and seven as regular smokers. Diabetes was mentioned in the medical records of 15 persons and 25 had a diagnosis of arterial hypertension. Lipid disorders with or without any specification had been indicated in 19 cases.
The degree of LM, LAD, CX and RCA stenosis followed similar patterns. A large number of the individuals did not have any reported stenosis in any of the main arteries, ranging from 42% in the LAD to 62% in the LM for men and from 48% in the LAD to 61% in the LM for women ( Table 3) . Analysis of the reported plaque types revealed that 38% of men and 44% of the women had either lesion-free arteries or only fatty streaks. The distribution of plaque types in the various branches of the coronary tree also followed a similar pattern. An acute occlusive thrombus was detected in only four men (4%, three in the LAD and one in the RCA) and one women (2%, in the LAD; Table 3 ).
The degree of coronary parameters were significantly positively associated with age both in the men and the women (coronary narrowing r ¼ 0.468, P ¼ 0.000 for men, r ¼ 0.489, P ¼ 0.000 for women; plaque type; r ¼ 0.504, P ¼ 0.000 for men, r ¼ 0.560, P ¼ 0.000 for women; the sum score: r ¼ 0.512, P ¼ 0.000 for men, r ¼ 0.522, P ¼ 0.000 for women), whereas body height, weight and BMI had International Journal of Obesity Myocardial infarction, coronary pathology and obesity M-L Kortelainen significant negative correlations with age (height: r ¼ 7 0.288, P ¼ 0.003 for men, r ¼ 7 0.582, P ¼ 0.000 for women; weight: r ¼ 7 0.347, P ¼ 0.000 for men, r ¼ 7 0.573, P ¼ 0.000 for women; BMI: r ¼ 7 0.262, P ¼ 0.007 for men, r ¼ 7 0.350, P ¼ 0.005 for women). The age-related distributions of the coronary stenosis sum and lesion type sum are presented in Figures 1 and 2 . Some individuals with both sums below the average were present even in the upper age range. The absolute heart weight and the total collagen volume fraction had significant positive correlations with age in the men (P-values 0.020 and 0.039), but not in the women (Table  4) . Heart weight indexed for height 2.7 and heart weight expressed as a percentage of body weight were both significantly correlated with age in the men (both P-values 0.000) and the women (both P-values 0.000), and perivascular arteriolar collagen in vessels of diameter < 40 mm and 40 -80 mm were significantly positively associated with age in the men, but not in the women. The media=lumen ratios did not show any significant associations with age ( Table 4) .
The media=lumen ratios of the arterioles of diameter between 40 and 80 mm in the men were significantly negatively correlated with BMI when adjusted for age ( Table 4) . The correlations between media=lumen ratios and heart size were generally negative when adjusted for age, but did not reach the level of significance.
There were no significant age-adjusted associations between the coronary parameters and BMI in either the (8) and women (7). Bivariate correlations: r ¼ 0.504, P ¼ 0.000 for men, r ¼ 0.560, P ¼ 0.000 for women.
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The hearts of the men with acute myocardial infarction were significantly heavier than those of their age-matched controls (732 g compared with 606 g, t-test: P ¼ 0.020), and heavier than the average for the rest of the cases (618 g, Mann -Whitney test: P ¼ 0.008), but there were no significant differences in heart weights among the women. Heart weight as a percentage of body weight was also significantly greater in the infarct group among the men (0.65% compared with 0.52% in the age-matched control, t-test: P ¼ 0.020, or compared with 0.56% in the rest of the subjects, Mann -Whitney test: P ¼ 0.001), but heart weight=height 2.7 was only marginally greater (162 compared with 136, t-test: P ¼ 0.05, or compared with 132, Mann -Whitney test: P ¼ 0.05). There were no significant differences in body height, weight or BMI between the infarct groups and their age-matched controls or the rest of the subjects.
The absolute heart weight, heart weight indexed for height 2.7 or expressed as percentage of body weight of the subjects with reported arterial hypertension or diabetes were not significantly different from the rest of the cases, although a slight tendency towards increased heart size was observed in the hypertensives. There were no significant changes in the results of the statistical analyses when alcohol consumption and medication were included as confounding factors.
Discussion
A considerable number of massively obese people seem to have coronary arteries without any advanced lesions or severe stenosis, even at an advanced age. The number of lesion-free cases was probably overestimated, however, because the data were based on visual estimation at autopsy without any Sudan-staining, 25 for example, which would have revealed even minor lesions. It is likely that there had been some overlap in the number of lesions determined as fibrous or as calcified plaques, but those classified by the naked eye as calcified lesions probably still represented a more advanced lesion type. No significant stenosis was seen in the CX or RCA in approximately half of the cases, and the percentage of non-stenotic cases in the usually most severely affected anterior descending artery 26 was 42% for the men and 48% for the women. In many of the autopsy reports the coronary arteries had been described as dilated both in cases with only fatty streaks or in cases with calcification. Dilation of the epicardial arteries could be one mechanism that provides some protection against acute coronary events in the presence of massive obesity, but this remains to be studied in the future by measuring the actual dimensions of the vessels.
The incidence of acute coronary thrombosis was very low in this series of autopsies, even among the cardiac deaths, even though an occlusive thrombus has previously been reported in 15 -64% of victims of sudden cardiac death. 27 One explanation could be that the incidence of smoking had been lower in this material, but there were no data available on the smoking habits of the individuals with thrombosis. The present study showed a significant association between International Journal of Obesity Myocardial infarction, coronary pathology and obesity M-L Kortelainen heart size and myocardial infarction in men. A relationship has been suggested between the mechanisms of coronary thrombosis and increased heart weight. 28 Cardiac hypertrophy could increase stress in the shoulder region of the plaques, which predisposes them to rupture, and it may also exacerbate the effects of less severe events such as erosions or subintimal haemorrhages. Cardiac hypertrophy is also associated with abnormalities in coronary perfusion that are distinct from those associated with coronary plaques, and this would lead to a greater vulnerability to ischemia through endothelial dysfunction. 29 In a smaller number of cases coronary artery disease without any recent infarction had been determined as the main cause of death. This conclusion can be reached even at autopsy, partly by exclusion. In epidemiological studies the mortality data are usually obtained from death certificates, most of which have been written without any autopsy, and therefore the determination of the cause of death can remain somewhat inaccurate. Some deaths assumed to be caused by coronary heart disease can actually be due to cardiomyopathy or to non-cardiac causes. There were many cases in the present material which showed an enlarged heart together with advanced coronary lesions but without any myocardial infarction, and it was not easy to say for sure whether cardiac hypertrophy or coronary atherosclerosis was the prime factor causing the death.
Abdominal obesity carries with it an elevated risk of coronary heart disease, independent of the total degree of obesity. 9 Body circumferences had not been measured in this series of autopsies, and therefore the association of a predominantly central subtype of fat distribution with the degree of coronary pathology could be evaluated in this material. However, anthropometric measurements are probably not very useful for predicting visceral fat in very obese individuals. 30 Severely obese women having more subcutaneous fat had less severe lesions in their coronary arteries. This contrasts with earlier findings that women under 50 y with a lot of subcutaneous fat had more advanced coronary lesions, 12 a difference that can be explained by the much higher BMI category and wider age distribution in the present series. Increased production of estrogen in the adipose tissue and its protective role in older women may be of considerable significance for lesion development after the menopause.
The results of the image analysis of the myocardial samples revealed a tendency for arteriolar dilatation with increasing BMI in men. Heart samples excized from the same septal area were available from a limited number of cases (42 men), and therefore this result has to be interpreted with caution. It remains to be studied whether an obesityrelated remodelling process occurs which includes dilatation of both the myocardial arterioles and the epicardial arteries.
The general limitations of this type of autopsy-based investigation have been mentioned earlier, 12 and these have to be taken into consideration when evaluating the results.
Conclusions
A considerable number of severely obese people have only fatty streaks in their coronary arteries and no marked stenosis even at an advanced age and with excessive obesity. The more subcutaneous abdominal fat severely obese women have, the less severe their coronary lesions are, which could at least partly be due to the protective effect of estrogen produced in the adipose tissue. Myocardial infarction in very obese men is associated with cardiac hypertrophy, which may further increase their vulnerability to ischemia. It remains to be studied in the future whether dilation of the epicardial arteries and myocardial arterioles in cases of severe obesity provides a protective mechanism for myocardial ischaemia.
